A B S T R A C T Umbilical cord serum and adult serum antibodies reactive with heat-stable somatic antigens of Gram-negative bacteria (Neisseria gonorrhoeae, Escherichia coli, and Salmonella typhosa) were assayed by using an indirect fluorescent antibody test. Reactive IgG, IgM, and IgA antibodies were identified by using fluoresceinconjugated antisera specific for these immunoglobulin classes.
A B S T R A C T Umbilical cord serum and adult serum antibodies reactive with heat-stable somatic antigens of Gram-negative bacteria (Neisseria gonorrhoeae, Escherichia coli, and Salmonella typhosa) were assayed by using an indirect fluorescent antibody test. Reactive IgG, IgM, and IgA antibodies were identified by using fluoresceinconjugated antisera specific for these immunoglobulin classes.
IgG antibody titers in cord serum approximated those found in the corresponding maternal sera. IgM and IgA antibodies were present in adult sera but were not demonstrable or were present only in small amounts in cord sera. The presence of IgG and IgM antibodies reactive with Gramnegative bacteria was confirmed by the testing of purified 7S and 19S fractions. In addition, both IgG and IgM reactivities were inhibited by the prior incubation of serum with purified specific lipopolysaccharide preparations.
The ubiquity and magnitude of these natural IgG antibodies in the sera of both adults and neonates have apparently eluded detection in previous studies. The use of bactericidal and agglutination tests, which are apparently more sensitive to the presence of IgM than to IgG antibodies, may account for the failure of previous studies to detect adult and cord IgG antibodies reactive with somatic antigens of Gram-negative bacteria. The presence of these IgG antibodies may be correlated INTRODUCTION Antibodies which are commonly found in the sera of normal individuals and which are not related to obvious immunization or clinical infection may be called natural antibodies (1) . A number of investigators employing bactericidal and other tests has concluded that natural antibodies reactive with somatic antigens of Gram-negative bacteria are principally of the IgM (19S, gamma,-macroglobulin) class (1) (2) (3) . This finding is of practical importance because it has been shown that the human fetus receives primarily maternal IgG (7S, gamma2-globulin) antibodies, whereas maternal IgM antibodies do not readily cross the placenta (4) . The human newborn is therefore deficient in maternal antibodies of the IgM class.
Studies of natural antibodies reactive with somatic antigens of Gram-negative bacteria in maternal and umbilical cord sera have shown that most cord sera possess little or no bactericidal, agglutinating, or hemagglutinating antibody activity, whereas appreciable activity is demonstrable in the corresponding maternal sera (5) (6) (7) (8) (9) (10) . It has been suggested (5) that the human newborn is deficient in natural bactericidal antibodies to Gram-negative bacteria because these antibodies are usually present predominantly in the IgM class.
The Journal of Clinical Investigation Volume 47 1968 However, by employing reagents specific for human immunoglobulin classes in an indirect fluorescent antibody (IFA) procedure, we were able to demonstrate that a major portion of natural human antibodies reactive with somatic antigens of Gram-negative bacteria are of the IgG class (11) . We also found that cord sera contained these IgG antibodies at titers comparable to those present in the sera of most adults. This finding prompted the more detailed study described in this paper.
IgG, IgM, and IgA (beta2A-globulin) antibodies reactive with heat-stable somatic antigens of Neisseria gonorrhoeae, Escherichia coli, and Salmonella typhosa were studied by using the IFA method. Individual maternal-cord serum pairs, pooled adult and cord sera, and purified fractions of sera were studied. The specificity of each of these reagents was confirmed in a number of ways. By immunoelectrophoretic analysis in agar gel it was shown that when tested, undiluted, each of the antisera formed only a single precipitin band against normal human serum. Each precipitin band had the conventional location and characteristics expected for antisera specific for IgG, IgM, and IgA. In other gel diffusion studies, each of the fluorescent antisera showed results comparable with those obtained with reference antisera, kindly supplied by Doctors J. Vaughan, J. Fahey, and by Doctors F. Wollheim, and Dr. R. Williams, Jr.
METHODS
It was also found that the routine 1: 40 working dilution of the fluorescent reagents reacted appropriately when used to demonstrate antibody activities within highly purified serum immunoglobulin fractions. For example, the most cathodal fraction of gamma globulin was isolated from normal human serum by the use of continuous-flow paper electrophoresis techniques and this cathodal fraction was then further purified by gel filtration on Sephadex G-200 (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.), wherein it yielded a single "7S" peak. Conversely, a highly purified macroglobulin fraction was obtained by isolating the proteins of beta globulin mobility by continuous-flow paper electrophoresis, and then subjecting these to gel filtration on G-200. The results showed a large "19S" peak and a small "7S" peak. The aliquots which comprised the first portion of the 19S peak were pooled and concentrated, and then subjected to the fluorescent antibody assay. We found that the reactive globulins in this fraction could be "stained" with the anti-IgM fluorescent reagent, but not with the anti-IgG or anti-IgA reagents.
Further, in routine use, the fluorescent antibody reagents revealed antibody activity of a given class only in those serum fractions in which the appropriate immunoglobulins were demonstrable by radial diffusion precipitin techniques.
Fluorescent antibody assay of immunoglobulins. One drop (approximately 0.04 ml) of a heat-treated bacterial suspension (see above) was air-dried at 370C on a circumscribed area of a glass slide. One drop of the test serum or of the fraction was placed over the bacteria and incubated 30 min at 370C in a sealed moist chamber.
The slide was washed for three 5-min periods in fresh PBS and dried by gently blotting with bibulous paper. The immunoglobulin identity of antibodies binding to the treated bacteria was then determined. One drop of the appropriate fluorescent antiglobulin reagent was placed over the bacterium-antibody complexes on the slide and the slide was incubated, washed, and dried as before. A drop of mounting fluid (1 part glycerol to 9 parts carbonate buffer, pH 9) was placed over the area and a cover slip was added. Negative control slides that consisted of bacteria incubated first with PBS and then with the fluorescent reagents were included in each test.
Slides were coded by number and examined immediately after preparation. An AO microscope with a darkfield condenser and an Osram HB200 W mercury light source was used with Corning 5113 and Schott GG-9 filters. All examinations were performed by the same observer with a 54 X oil immersion lens.
Fluorescence that scored 2 + or greater (on a scale of 1 + to 4 +) was considered to be a positive reaction indicating the presence of antibodies of the specific immunoglobulin class. Fluorescence that scored 1 + was considered as a trace reaction.
Fractionation of Sera. Sera and Cohn fractions II and III-1 were further fractionated by gel filtration on Sephadex G-200 with a modification of the procedure of Flodin and Killander (14) . The Tables I  and II . The titer of the IgG antibodies in each cord serum was approximately equal to the IgG titer of the corresponding maternal serum. The difference in titer in any pair was no greater than one tube dilution (to the log2). The geometric mean and median values of the cord and material serum IgG titers were also approximately equal.
IgM antibody titers, however, appeared to be lower in cord sera than in maternal sera. Most cord sera demonstrated at best a trace (1 +) fluorescent reaction, whereas the reciprocal of the titers demonstrable in the maternal sera ranged from 8 to 32. Two cord sera (Nos. 3 and 19) showed 2+ IgM antibody activity at a titer of 1:2. IgA antibodies were not detectable or were present only in trace amounts in the cord sera. The majority of maternal sera showed low titer reactions for IgA antibody with both N. gonorrhoeae and E. coli 086 :B7.
Most of the mothers came from an area of Atlanta in which gonorrhea is not an uncommon disease. Although it is likely that some of the mothers were asymptomatic carriers of N. gonorrhoeae, the antibody titers found in the maternal sera were very similar to those found in sera from other normal individuals whose medical history tended to exclude the possibility of venereal disease (16) .
Antibodies in pooled cord serum. In order to extend our observations beyond the limited number of individual sera, IgG, IgM, and IgA antibodies were assayed in a cord serum pool. This pool was comprised of a large number of normal cord sera collected in Los Angeles. The results are shown in Table III . The serum titer of IgG antibody activity (1 :40 with both N. gonorrhoeae and E. coli 086:B7) was comparable to the geometric mean titer of the 20 individual cord sera.
The undiluted serum gave a trace reaction for IgM antibody, and IgA antibody was not detectable.
Antibody activity in whole sera and in 19S and 7S serum fractions. In order to confirm the class identity of the antibodies demonstrable in whole cord and maternal sera, pooled maternal and cord sera were fractionated into 19S-and 7S components (14) by gel filtration on Sephadex G-200.
The purified 19S and 7S fractions of the maternal and cord sera demonstrated antibody activities against the heat-stable somatic antigens of S. typhosa, E. coli, and N. gonorrhoeae which were consistent with the titers found in whole sera. Fig. 1 illustrates the 19S, 7S, and 3.5S peaks obtained in the fractionation of the maternal and cord serum pools and their relative titers of IgG and IgM antibodies reactive with N. gonorrhoeae. The titer of IgM antibody in the maternal 19S fraction reactive with N. gonorrhoeae was approximately 10 times higher than that measured in the cord 19S fraction. On the other hand, the IgG antibody activities of the maternal and cord sera were found to be approximately equal.
In concurrent studies of these same 19S and 7S peaks, it was found that the IgG and IgM immunoglobulins were largely separated by the gel-filtration procedure. IgM immunoglobulin eluted with the 19S fraction and very little was detectable in the 7S fraction of either the maternal or the cord sera. The concentration of IgM immunoglobulin was eight times greater in the ma- Results similar to the N. gonorrhoeae situation were obtained when the IFA method was used to study antibodies reactive with E. coli and S. typhosa in purified 7S and 19S fractions. Children.' IgG, IgM, and IgA antibodies were assayed in the sera of 36 children ranging in age from 1 month to 2 yr. Fig. 2 shows IgG antibodies reactive with heat-stable antigens of N. gonorrhoeae and E. coli 086 :B7. Fig. 3 shows the IgM titers of the same sera reactive with heat-stable antignes of these bacteria. IgA activity was not detectable in the sera of most of the children younger than 4 months and the titers of older children did not rise above 1:2.
IgM antibody activity appeared to increase with increasing age (Fig. 3 ). This correlated with the progressive increase in serum IgM immunoglobulin concentration observed during the development of the young child (4). IgG antibody titers, on the other hand, suggested a pattern of development different from that of IgM. IgG antibody titers in both cord sera and in the sera of children older than 4-6 months were found to be similar to adult IgG antibody titers. Children between the ages of 1 and 4 months appeared to have much lower IgG titers (Fig. 2) . This pattern of IgG antibody activity seemed to parallel the changes seen in the concentration of serum IgG immunoglobulin during the first years of life (4) . Although IgG levels are approximately equal in cord and maternal serum, it has recently been pointed out (18) (19) (20) is many times less efficient than purified IgM antibody in producing reactions in bactericidal, agglutination, complement-fixation, and certain other tests. We have recently found (11, 17) that, whereas IFA, bactericidal, and agglutination procedures were all able to detect natural 19S antibodies, the IFA procedure was much more sensitive than bactericidal or agglutination tests in detecting natural 7S antibodies. Thus, substantial antibody activity may be overlooked by bactericidal and agglutination tests. These findings challenge the generalization that natural antibodies to somatic antigens of Gramnegative bacteria are principally in the IgM class of antibodies (3). They also draw attention to possible limitations in the use of agglutination tests to study the sequence of antibody production to somatic antigens in humans (21, 22) and rabbits (23) . The use of agglutination tests to study the immune response of infants to somatic antigens (7, 24) might also be reappraised, since maternal IgG antibody, undetected by the agglutination tests, may have been present in the infants' sera before immunization and may have inhibited or modified the active synthesis of antibody by the infants (25, 26) .
It has also been suggested that intensive antigenic stimulation is necessary to elicit IgG antibodies to the somatic antigens of Salmonella (27) . The applicability of this concept, however, should be limited to bacterial or agglutination test systems, in the light of our demonstration by IFA of appreciable human IgG antibody reactive with S. typhosa 0901 in normal adult and cord sera. In short, it appears that tests which are inherently more sensitive to a particular class of antibodies may present a deceptive picture of the character and development of antibodies in the immune response.
We found no evidence that contradicted the specificity of the fluorescent reagents for IgG, IgM, and IgA at the dilution at which they were used in our IFA system. However, the finding of antibodies in purified 7S serum fractions is in itself suggestive of IgG antibody activity. Our conclusions, therefore, do not depend wholly upon the specificity of the antisera for IgG and IgM. It was not practical to determine the relative combining efficiencies of our fluorescent antisera, but in positive control slides each appeared fully able to recognize antibodies of the appropriate immunoglobulin class.
Neter (28) , employing an antiglobulin hemagglutination test, has demonstrated in cord serum "incomplete" antibodies reactive with Gram-negative bacteria. In his antiglobulin test the maternal sera seemed to be reactive at much higher titers than the corresponding cord sera, and it is uncertain which immunoglobulin classes participated in the reaction which he described.
Gitlin, Rosen, and Michael have suggested (5) that the relative deficiency of IgM bactericidal antibody in newborn serum may be responsible, at least in part, for the "unusual" susceptibility of neonates to infection with Gram-negative bacteria. However, although virtually all newborns lack IgM bactericidins to an equal degree, it is apparent that only a very small number succumb to infection with Gram-negative bacteria. The vast majority of neonates accommodate to Gram-negative bacterial contamination without suffering clinical disease, despite a lack of serum bactericidal activity.
There is some evidence that the transplacental transfer of maternal IgG antibody to the fetus may help protect the newborn against infection by Gram-negative bacteria. It was found (29) 
